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As expressed i n "The Report o f the N a t i o n a l Commission on Space" ( r e f . 1) we may w e l l see t h e p i o n e e r i n g o f the space F r o n t i e r over t h e next f i f t y years. One o f t h e major space t r a n s p o r t a t i o n system r e q u i rements e s t a b l i s h e d by the Commission was round t r i p t r a n s f e r beyond low e a r t h o r b i t u t i l i z i n g an O r b i t a l T r a n s f e r Vehicle.
As shown i n f i g u r e 1, t h e O r b i t a l T r a n s f e r V e h i c l e (OTV) I s a key element o f t h e envisioned space i n f r a s t r u c t u r e o f t h e 1990's and beyond. Other e l ements i n c l u d e t h e Space S t a t i o n , O r b i t Maneuvering Vehicle, and a v a r i e t y o f e a r t h -t o -o r b i t v e h i c l e s . l n t h i s scenario, the O r b i t a l T r a n s f e r V e h i c l e would be reusable and o p e r a t e p r i m a r i l y between l o w e a r t h o r b i t and geosynchronous o r b i t . The m a j o r i t y of i t s missions would be f o r d e l i v e r y o f s a t e l l i t e s and manned s e r v i c i n g i n geosynchronous o r b i t . t r a n s p o r t a t i o n mode between t h e earth and moon and would p l a c e p l a n e t a r y probes on t h e i r t r a n s f e r t r a j e c t o r i e s . 
ORBIlAL TRANSFER VEHICLE PROPULSION
The Advanced OTV Propulsion Technology Program is currently pursuing key technologies for three concepts for advanced OTV engines. These concepts and key technologies were defined in studies completed in 1983 and subsequently updated in 1986 by Aerojet General, Aerojet Techsystems Company; Rockwell International, Rocketdyne Division; and United Technologies, Pratt 8, Whitney. These engines reflect the Program requirements as shown in Table I . The propellants are limited to cryogenic hydrogen-oxygen and total vehicle vacuum thrust level is between 10 000 to 25 000 l b with multiple engines. In addition to these specific requirements, several goals have been established reflecting desirable characteristics for an advanced engine. These goals are listed i n table 11. In total, they represent a set of highly ambitious characteristics, and were established as technical challenges to generate options and tradeoffs, since all goals may not be achievable singularly or concurrently. The rationale which led to the specific numerical requirements and goals are discussed in reference 2. lhe three engine concepts are summarized below with changes from the 1983 configurations noted.
Aerojet Tec hSys terns Company
A 3000 l b thrust propellant expander cycle engine was selected in 1983 (ref. 3). The thrust level of the updated engine has been increased from 3000 lb to 7500 lb to reflect the general preference for dual engine confjgurations (refs. 4 to 6) rather than the six engine concept proposed earlier. The engine's specific Impulse is predicted to be in excess o f 480 s at a mixture ratio of 6.0 and is obtained through utilizing a chamber pressure of 2000 psia and a nozzle area ratio of 1OOO:l. replaced by an extendible portion and the area ratio has been reduced from 1200:l to maintain overall engine length at 60 in. i n the retracted position.
The fixed nozzle has been
The f l o w schematic o f the Aerojet concept is shown in figure 2. lhe key feature of the dual propellant expander cycle is that both hydrogen and oxygen are used to drive their respective turbopumps. This approach enables a higher chamber pressure to be obtained than with the conventional hydrogen expander for this engine thrust size. It also elimiitates interpropellant seals i n the oxidizer turbopump and could eliminate inert gas on the OTV to purge interpropellant seals.
The critical technology issues identified for this engine concept are the hazard of explosion or combustion of oxygen turbine materials exposed to the warm gaseous oxygen and the dual propellant cooled annular thrust chamber.
Roc k e t d y rt e
A 15 000 lb thrust hydrogen expander cycle with hydrogen regeneration was baselined i n 1983 (ref. 7). The concept has been resized from 15 000 l b to 7500 l b thrust to accommodate the preferred dual engine configurations. mixture ratio of 6.0, the concept has a predicted specific impulse in excess of 480 s with a chamber pressure of 1831 psla and an extendible nozzle of 1080 area ratio.
At a
The nozzle has been reduced to a single extendible section to reduce c o m p l e x i t y and t h e area r a t i o has been reduced t o m a i n t a i n t h e o v e r a l l engine l e n g t h below 120 i n . when the n o z z l e i s deployed.
The p r o p e l l a n t f l o w schematic f o r t h i s expander c y c l e i s shown i n f i gu r e 3. Key f e a t u r e s i d e n t i f i e d as technology i s s u e s a r e chamber heat e x t r a ct i o n and l i f e enhancements f o r l o n g i t u d i n a l r i b s on t h e hot-gas s i d e and f i n s i n t h e c o o l a n t channels and advanced turbomachinery concepts such as a twostage p a r t i a l admission t u r b i n e and s o f t wear r i n g seals.
P r a t t & Whitney
The 1983 P r a t t & Whitney b a s e l i n e was a hydrogen expander c y c l e w i t h hydrogen r e g e n e r a t i o n a t a t h r u s t l e v e l o f 1 5 000 l b ( r e f . 
n t as t h e chamber p r e s s u r e was increased. The chamber was s t a b l e a t a l l t e s t c o n d i t i o n s . High frequency pressure measurements revealed no o s c i l l a t i o n s . Post t e s t i n s p e c t i o n showed no abnormal d i s c o l o r a t i o n or s t r e a k i n g . P r e p a r a t i o n s a r e now underway t o extend t e s t c o n d i t i o n s t o 2400 psia. A hydrogen cooled t h r o a t i n s e r t has been completed and w i l l r e p l a c e the heat s i n k t h r o a t . These t e s t s a r e expected t o b e g i n i n l a t e 1986.
Long l i f e chamber m a t e r i a l s .l h e copper a l l o y used i n the Space S h u t t l e Main i n g i n e t h r u s t chamber has shown a tendency t o undergo s u r f a c e roughening i n o p e r a t i o n . l h i s leads t o undesirable heat t r a n s f e r c o n d i t i o n s and premature f a i l u r e through w a l l c r a c k i n g . Since the 01V engine may r e q u i r e space based i n s p e c t i o n and maintenance, methods t o a v o i d these m a t e r i a l r e l a t e d f a i l u r e s i s d e s i r a b l e . 
One p o t e n t i a l method t o produce copper a l l o y s w i t h b e t t e r Low Cycle

Space operable disconnects. -A key element of the reusable OTV engine is
the concept o f space maintenance. It is posjible that some element of the engine will deteriorate or fail prior to reaching the engine life goal. Replacement of the engine or its components would then be needed. Space operable disconnects are required to permit coupling and decoupling on orbit by astronauts in space suits and/or robotic servicing devices. They must be easy to use, highly reliable, and not contribute significant weight or envelop penalties. Disconnects can be grouped by i n t e r f a c e t y p e i n t o p r o p e l l a n t , pneumatjc, s t r u c t u r a l , power, and data. A t t e n t i o n has been focused on p r o p e l l a n t i n t e rf a c e j o i n t s and a number o f concepts have been i d e n t i f i e d . (1) I F V (2) IOV
(3) mv (4) Mov 
